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PRESSURE INVESTIGATION OF A SPACE SHUTTLE
LAUNCH CONFIGURATION CONSISTING OF A DELTA-WING ORBITER
AND A SWEPT-WING BOOSTER WITH CANARD AND TTP FINS

(M—O6TOl3)

By J. M. Rempy, K. L. Blackwell, and G. R. Gomillion
SUMMARY

o This report presents pressure data obtained from a wind tunnel test
sponsored by the Marshall Space Flight Center (MSFC) and conducted in the
PWT hT facility of the Arnold Engineering Development Center (AEDC) from
October 11 through October 13, 1971. The models tested were 0.00556 scale -
models.of the McDonnell-Douglas orbiter end booster configurations. Pressure
- data were obtained for the combined orbiter and booster and for the booster
alone at Mach numbers from 0.6 to 1.3, angles of attack from -8° to +10°5
and sideslip angles from -6° to +6°. Pressure data was also obtained for
the booster alone without canard at Mach numbers of 0.9.and 1.1 (nominal).
The pressure taps were distributed primarily over the booster»upper.surfaee
and the orbiter lower surface. |

Y.The modeis were mounted on individuai:stings which allowed tafious'inci-'
dence angles and longitudinal p081tions of the orbiter relative to the booster.
Orbiter incidence angles of O0 1.9° , and 3 8 were obtained at the most aft

position of the orbiter, and three longitudinal positions were obtained at

0° incidence. The vertical separation distance between the orbiter lower



SUMMARY (Concluded)

surface and the booster upper surface was nominally zero. These test results
supplement the data presented in references 1 and é.

| Plotted data for this test is published under one report number (IDMS-DR-
1222) in two volumes: volume 1, parts A and B, contains the plotted data for
the booster alone and in the presence of the orbiter, and volume 2 contains

the plotted data for the orbiter in the presence of the booster.



SADSAC
SYMBOL SYMBOL

b/2

c.g.

CP cP

x/c : | x/c

x/L X/L

y/b/2 Y/B

NOMENCLATURE

AEDC TC i7h

DEFINITION

Speed of sound; m/sec, ft/sec

Vehicle wing semiFSpan; in.

Local airfoil cho;d; in. }
Center of gravity

Pressure coefficient, Pf - Py
' : q

Body length; in.

Free stream Mach numgerj V/a
Local static pressure; psia

Free stream total pressure; psia
Free stream static pressure; psia
Dynamic pressure; psi

Unit Reynolds number; per foot
Freestream total temperature, oF
Velocity; m/sec, ft/sec

Distance from vehicle nose; in.

Local chordwise position/local chord length

Longitudinal position/body length
Distance from lateral centérline, in.

Local spanwise position/wing semi-span



NOMENCLATURE (Concluded )

AEDC TC 1Th
SADSAC

SYMBOL SYMBOL DEFINITION

og AIFB Booster angle of attack; degrees

ag ALY Orbiter angle of attack; degrees

i I Incidence angle between the orbiter
and booster, I = @q - ap; degrees

B BETA Angle of sideslip; degrees

6 THETA Angle measured from vehicle top center-
line; degrees

Ax/L DX/L Distance between the c.g. of the orbiter

and booster measured parallel to the
longitudinal axis of the booster, positive
when the orbiter c.g. is forward of the
booster c.g., the distance has been norma-
1ized with respect to the booster fuselage
length (16.184 inches)



APPARATUS AND MODELS

The models tested were .00556 scale models of‘the MDAC orpiter and booster,
figures 3 and h)respectively. ‘The orbiter is basically the configuration illus-
trated on MDAC drawing number 255BJ0050. Modifications made og the orbiter to
allow for installation of the nozzle assembly are shown in figure 3.

|
The booster configuration is basically the configuration designated 19A by

i
i

MDAC (drawing number 256-19-0001). The body, wing, and canard of the booster
model are that of configuration 19A except that the -body does not have a base
© flare or boattail, figure 4. The vertical talls are those which were.desighed
for the configuration designated 17 (drawing number 256-1T7-001).

The booster model ﬁas tested alone with and without canard, and the complete
booster and'ofbitér models were tested together. The orbiter and booster models
‘were mounted on individual stings as shown by figures 6 and 7.. The orbiter could
be moved fore and aft with respect to the booster and small Variations of the
orbiter/booster relative incidence angle could be obtained. The vertical éepaa
ration distance (minimum gap) between the orbiter lower surface and the. booster
upper surface was nominally zero. The values of the relative incidenCe angle,

I, and the longitudinal.separation variable, DX/L, are listed in Table II en- .
tltled "Pressure Dataset Collation Sheets".

‘Dimensional data for both vehicles are shown in Table V. The pressuré‘tap
layout is shown in figures llapd 2, and the exact tab locations are given in

tables IIT and IV.



TEST FACILITY DESCRIPTION

The 4-Foot Transonic Propulsion Wind Tunnel (PWT-UT) is a closed-loop,
continuous flow, variable density facility with a 4- by L-foot square test
section and a Mach number range of 0.1 to l.4. The tunnel has a stagnation
pressure range of 300 to 1700 psf, and a stagnation temperature range of 80o
to 130°F. The test section is equipped with variable porosity wells with an
available porosity range of O to 10 percent open area. A complete description

of the PWT-4T tunnel can be found in reference 3.

DATA REDUCTION

The longitudinal separation variable DX/I, is referenced to nominal center
-of gravity locations on the orbiterland booster and to the booster body axis
system. The orbiter model c.g. was iocated 4,917 inches aft of the orbiter
model nose, and the booster model'c.g. was located T.528 inches aft of the boos-
ter model nose. The DX/I distance is measured parallel to the longitudinal axis
of the booster and between the nominal center of gravity points on the orbiter
and booster, as illustrated in figure 5. The value of DX/L is positive when the
orbiter c.g. is forward of the booster c.g. DX/L is normalized using the boos-

ter fuselage length of 16.184 inches.
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TEST CONDITIONS

TABLE I

TEST TC 17k

REYNOLDS NUMBER

DYNAMIC PRESSURE

STAGNATION TEMPERATURE

MACH NUMBER per unit length (pounds/sq. foot) (degrees Fahrenheit)
0.6 2.0 x 100 238
0.9 2.4 x 10° Lo2
1.0 2.5 x 10° b1
1.1 2.5 x 10° 478
1.2 2.5'x 100 498
. 1.3 2.5 x 10° 510
H
80° to 110° F
{overall range)
BALANCE UTILIZED:
, COEFFICIENT
CAPACITY: ACCURACY : TOLERANCE :
NF
SF
AF
PM
YM
RM T
COMMENTS :

NASA-MSF- -MAF



TABLE II
TEST E PRESSURE U>q>mm._. COLLATION m_._mm._.

- , [1PRETEST
B TX(POSTTEST
MACH NUMBER
NS R I -CONFIGURATION NEoroN - ConFic. Mo:cm . v>x>.z\_M4va\A<\Mrcmm mm_.,_m 6ol 9o \.C\ m\.mN ;3
Eanoo_ BOOSTER JORBLTER| A throigh T >o o 0°l o N N P IR B B~
TCOO2 OB o v v | oo v vt
TC 003 . |®o, C o P | = | i
TCO04 +,| B v ol -lolol oo
TCoaS | | AlS 036 el el o1 o
TCOGk | OB 2 P B T B
coa? : 6| D N RN R RN RN RS
TCOUS . [+6| b I B R R
: o o
TcD09 Alo 1.9 v v v | | v
ol AlO 3.3 Pl vl ]l | P
TCOil V. Vv Alo’ el RLLE T e
TCol2 | BOOSTER ALONE |ABC D E Ao’ — | = D I R B
TCO!3 | S é , e Do B - - - - e v o L
o4 cannnn Gk A, W, ( E Al R — >

ROTE (1): First chsrscter of each dstaset identifier denotes model section: A through I refer to booster body,
upper wing, lover wing, cenard, base, snd orbiter body, upper wing, lower wing, and base, respectively.

aOR 8 A(e)=-8,-6,-4,-2, 0,+2,+k,+6,48,+10 mm.mu.mmm ﬁoclbmn&.ﬁmw. schedule A
SCHEDULES B(B)=-6,-U,-2, 0,+2,+4,+6 degrees - c(B)=-k,-2, 0,+2,+4 degrees

Uamvn-r +l degrees @Ho.«dom dets includes 8-0 at ct=-6 or +6 from corresponding c-varient deteset)




TABLE III

ORBITER PRESSURE TAP LOCATIONS

TAP LOCATION

Tap Tap TAP LOCATION
No. (x/L)o (y/%/z)o Surface No. | (x/L) | (y/b /.z)o Surface
1 0 0 Lower Body | 28 498 .231 Lover Winj
2 .019 29 .586
3 .066 " 30 674
4 .145 31 762
5 .233 32 .854
6 321 33 .944 Y
7 .409 34 .674 .400
8 .498 35 .762
9 .586 36 .854
10 ..676 37 .942
11 .765 38 .764 .569
12 .854 39 .854
13 .943 40 .942 1
14 .981 Y 41 .852 .738
15 . 149 077 42 .942 ‘ Y
16 .233 43 0 Upper Base
17 0321 44 l .138 Lower Basec
18 .409 45 .981 -.007 Upper Wing
19 .498 46 .981 .289
20 .586 Y 47 .939
25 .233 191 48 .851 1
26 .321 221 ‘f 49 981 .400
27 409 | .231 | Iower wing 50 | .939 { v

x = Distance from orbiter nose

y = Distance from orbiter centerline

L =Orbiter length 27.153 cm (10.690 in.)
b/2 = Orbiter wing semi-span 8,255 ¢m (3.250 in.)

!
!+
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TABLE IV

BOOSTER PRESSURE TAP LOCATIONS

Tap TAP.LOCATION Tap TAP LOCATION
No. | (x/L)g | (y/b /2)g Surface No. [ (x/L)y .(y/b/Z)B Surface
1 | .004 0 Body ¢,0=0° | 30 | .243 .092 |Body, 6 =24°
2 | .o14 | 31 | .305
3 | .025 32 | .367
4 | .062 33 | .490
5 | .120 34 | .613
6 | .181 35 | .737 ’
7 | .243 36 | .798
8 | .305 37 | .860
9 | .366 38 | .921
10 | .490 39 | .983 Y |
11 .613 40 | .062 155 |[Body, 6=45°
12 | .737 41 | .124
13 | .799 42 | .185
14 | .859 43 | .247
15 | .921 44 | .309
16 | .983 | ] 45 | .371
17 .062 .018 Nose Section 46 .494
18 | .120 .037 47 | .618
19 | .181 .046 48 | .741 v Y
20 | .243 ‘ { 49 | .988 .220 |Body, 6 =90°
21 | .309 .220 | Body, 6=90° 93 | .998 0 |Base, 8:=0°
22 | .371 94 ~.193 - 90°
23 | .494 95 -.193 270°
24 | .618 96 0 y 180°
25 | .741 97 | .803° Body, 6 =180°
26 | .803 98 | .865
27 | .851 99 | .927
28 | .896 100 | .988
29 .942 4 Y 1
x = Distance from booster nose
y = Distance from booster centerline
L = Booster length 41.107 cm (16,184 in.)

b/2 = Booster semi-span 13.805 cm (5.435 in.)

11




TABLE IV (Continued)

BOOSTER PRESSURE TAP LOCATIONS

Tap

TAP LOCATION Tap TAP_LOCATION
No. [(x/c )l (y/b /2)B Surface No. (X/C)B v/b /2)| Surface
53 | .098 .221 | Upper Wing 71 .718 .635 Upper Wing
54 | .320 2 | .926 |
55 .542 73 066 .773
56 .763 74 275
57 .985 15 484
58 .101 .359 76 .696
59 .320 77 .896 Y
60 .542 83 .195 .565 | Upper Canard
61 | .762 84 716 ;
62 .970 Y 85 .195 .879
63 | .103 497 86 716 ,‘
64 | .319 87 .514 .230 Lower Wing
65 .528 88 137
66 .741 89 .960 Y
67 .948 Y 90 .496 .368
68 .081 .635 91 .718
69 .292 92 .940
70 | .507 Y Y Y Y
x = Distance from airfoil leading edge
y = Distance from booster centerline
¢ = Local airfoil chord
b/2 = Booster wing semi-span 13,805 cm (5.435 in.) for wing taps '
b/2 = Booster canard semi-span 6.071 cm (2.390 in.) for canard taps

12




TABLE IV (Concluded)
BOOSTER PRESSURE TAP LOCATIONS

Surface (y/p /Z)B Local Chord,cm Local Chord, in.

Wing 221 8.387 3.302°

.359 7.640 3.008

497 6.962 2.741

.635 6.116 2.408

.773 5.301 '2.087

.230 8.336 3.282

.368 7.564 2.978
Canard .565 4.877 1.923

.879 4.877 1.923

!
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TABLE V. DIMENSIONAL DATA

MODEL COMPONENT:  BODY -

_MDAC Orbiter

GENERAL DESCRIPTION:

Basic fuselage contours including canory with modi<:

ed

500

aft fuaelage oross sections; oross~sectional shape constant from station

to end of fuselage - model scale 1/1°0,

DRAWING NUMBER:

DIMENSIONS :

Length
Max. Width
Max. Depth
Fineness Ratio
Area
Max. Cross-Sectiona)
Planform
. Wetted

Base

14

255 BJ 00060, Rev. B

FULL-SCALE

—156.4
27.1
30.3

T

MODEL SCALE

2369
150

«167

I

]



TABLE V. (CONTINUED)

MODEL COMPONENT:

Winz - MDAC Orbiter

GENERAL DESCRIPTION: Model Scale 1/180

DRAWING NUMBER:

DIMENSIONS:

TOTAL DATA

Area, fri2
Planform
Wetted
Span (equiva]ent),ﬁr
‘Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
-'Aerodynamic Twist, degrees

Sweep Back Angles, degrees

Leading Edge
- Trailing Edge

0.25 Element Line

Chords: - S
Root sbh'ng Sta. 0.0),/wcses
Tip, (equivalent), incses
MAC, inches
Fus. Sta. of .25 MAC
W.P. of .25 MAC

Airfoil Section
Root (B.L. 162)

| Tip (B.L. 5L0)
EXPOSED DATA

Area, fr* |
Span, (equivalent), ér
Aspect Ratio :
Taper Ratio
Chords
. Root, inches -

Tip, inches

MAC :

Fus. Sta. of .25 MAC

W.P. of .25 MAC

15

255 BJ 00050, Rev. B

FULL-SCALE

Ll

3
N
o

0

adllc

1.0°1.8
2l

:

o
G

|

001.0-61
0009~

[

0

b

855.0

0. .A2‘

L

MODEL SCALE



TABLE V. ( CONTINUED)

" MODEL COMPONENT: Vertical Tail - MDAC Orbiter
GENERAL DESCRIPTION:  Model Scale 1/180

DRAWING NUMBER: 255 BJ 00050, Rev. B

DIMENSIONS: | : FULL-SCALE MODEL SCALE
TOTAL DATA
| Area, £t :
Planform £20,0 017
Wetted
Span (equivalent), ft. 27. -~ .153

Aspect Ratio
Rate of Taper
Taper Ratio

I

Diehedral Angle, degrees —e
Incidence Angle, degrees o
Aerodynamic Twist, degrees "'
Toe-In Angle
Cant Angle -
Sweep Back Angles, degrees -
#ead;ng Edge 30.0 30.0
railing Edge 12 s %q ?
0.25 Element Line 26.2 .
Chords: . ]
Root, inches , 09.6 1.720
Tip, (equivalent), inches 1 Z.ﬁ 1.093
MAC, inches 21.1 ,119
Fus. Sta. of .25 MAC : :
W.P. of .25 MAC
Airfoil Section .
Rgot t . 0002—624 0009-6l
Tip ' 0009-6L . __0009-6L
EXPOSED DATA ' ' )
Area, g4’ 580.0 .08
Span, (equivalent), #r o 215 153
Aspect Ratio
Taper Ratio .638 - 630
Chords- ' 4
Root, inches . 20 i
Tip, inches — i )
MAC, inches apyn 119 .

Fus. Sta. of .25 MAC.

\“. of .25 MAC 3



'TABLE V. (CONTINUED) ;

MODEL COMPONENT: BODY - ymun moocre . ;

GENERAL DESCRIPTION: Configuratlon 19A fuselage without base "=~o and boattail

Model Scale 1/180

DRAWING NUMBER: 256-19-0001, Rev. A .
> DIMENSIONS : FULL-SCALE MODEL SCALE
Length (Ft)’ 2017 1, 31;3
Max. Width (p¢) 4.0 A -139
Max. Depth (Ft) 34.0 o .139
Finenéss Ratio
Area |
‘Max., Cross-Sectiona]v :
Planfbnn |
Wetted o

Base




TABLE V. (CONTINUED)

. MODEL COMPONENT: Wing - MDAC Booster

~
~

GENERAL DESCRIPTION: _Configuration 19A Ving

Modal Scale 1/130

DRAWING NUMBER:

DIMENSIONS:
TOTAL DATA

Area, ft2

Planform

Hetted
Span (equivalent), ft.
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees

Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords: .
Root éwing Sta. 0.0), inches
Tip, (equivalent)
MAC, inches
Fus. Sta. of .25 MAC, inches
W.P. of .25 MAC , inches
B.L. of .25 MAC, inches
Airfoil Section
Root
Tip
EXPOSED DATA

Area , 42
Span, (gquiva'lent) , Tt.
Aspect Ratio
Taper Ratio
Chords-

¥?ot, inches

p )
MAC * inohes
Fus. Sta. of .25 MAC

wa of .25 MAC
18

., FULL-SCALE

0010-6
0010-6

A}

]
!

;

l

}190.0

i

il

|

MODEL SCALE

136

Lh.o

B

2.111

001.0-6L
0010-6L

.129

I

3.300

il



TABLE V. (CONTINUED)

MODEL COMPONENT:

Vertical Tails -~ MDAC Booster

GENERAL DESCRIPTION: _ Configuration 17 Vertical Tails

Model Scale 1/80

]

DRAWING NUMBER:

'256-17-0001, Rev. A

DIMENSIONS:
TOTAL DATA (Values for one)

Area
Planform gmrue)

Side Projection)

Span (equivalent), inches
Aspect Ratio i
Rate of Taper

Taper Ratio

Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
_ 0.25 Element Line
Chords:
Root

Tip, (equiva]ent), inches

MAC, inches

Fus. Sta. of .25 MAC

W.P. of .25 MAC
Airfoil Section

Root

Tip

EXPOSED DATA

Area '
Span, (equivalent)
~ Aspect Ratio
Taper Ratio
Chords
_ Root -

Tip
MAC -
Fus. Sta. of .25 MAC
W.P. of .25 MAC

276
1.
T 520
D

MODEL SCALE

o1l

allbhe

Lo

|

1.667

367
1.311

I

:

NACA 6LA-009

NACA__6LA-009

i
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TABLE V. (CONTINUED)

MOIEL COMPONENT: Canard - MDAC Booster

GENERAL DESCRIPTION: Configuration 194 Canard

Model Soale 1/150

IRAWING NUMBER: 256-19-001, Rev. A

DIMENSIONS: FULL-SCALE MOIE], SCALE
Theo. Area, Ft2 1660 .05
Exp Avea, Ft2 1215 .033
Aspect Ratio

Chord (Incl. Flap), Ft
Airfoil (360 In., Theo Chord)

20

‘o .o
53.65 "“‘3"1“1'
NACA - ACA —EIOTE =T




TABLE VI, INDEX OF MODEL FIGURES

Pressure Tap Leyout-Orbiter

Pressure Tap Layout-Booster

Modifications to Orbiter Model

Modifications to Booster Model
Model Separation Variables
Rear View of Models and Test Apparatus

Front View of Models and Test Apparatus

21

PAGE
2k
25
26
271
28
29
30



TABLE VII. INDEX OF DATA FIGURES

VOLUME I - PARTS A AND B

TYPE OF ()
TITLE VEHICLE SECTION PLOT CONDITIONS VARYING PAGES
PART A
Longltudinal Distribution of Booster Fuselage CP vs. x\ﬁ ALFB or BETA, 1-b17
Fuselage Pressures THETA, MACH
Redial Distribution of Booster Base Fuselage Base CP vs. THETA ALFB or BETA, MACH 418-556
Pressures .
PART B
Chordwise Distribution of Booster Cenard CP vs. x\o ALFB or BETA, 55T7-691
Canard Pressures Y/B, MACH
Chordwise Distribution of Booster Wing CP vs. X/C ALFB or BETA, 692-1108
Upper and Lower Wing Pressures Y/B, MACH

Notes: (1) Conditions listed are those which vary in each dataset plotted.
A complete list of configurations and varying parameters is given
in Table II, "Pressure Dataset Collation Sheets".

(2) Dataset plotting order wo& each section is numericsl sequence of

dataset identifier as listed in Table II.

(3) The varying legend dimension for the fuselage, THETA, and for the

canard, wing upper surface, and wing lower surface, M\wu is plotted
The first value listed
in the legend table under the dimension name corresponds to the data
plotted on the left plot grid.

two values per page on side-by-side plot grids.

22



TABLE VII. INDEX OF DATA FIGURES

VOLUME IT
B TYPE OF (M

TITLE : . VEHICLE SECTION PLOT CONDITIONS VARYING PAGES
Longitudinal Distribution of |

Orbiter Fuselage Pressures . Fuselage, 'CP vs. X/L ALFB or BETA, 1-333

Lower Wing : Y/B, MACH -

Longitudinal Distribution of

Orbiter Lower Wing Pressures
Longitudinal Distribution of Upper Wing CP vs. X/L ALFB or wﬂ? 334-L4u4k

Orbiter Upper Wing Pressures M\wa MACH
Orbiter Base Pressures Base CP vs. ALFB ALFB or BETA, k4s-510

(Lower Base Pressure Tap) or BETA MACH

Notes: (1) Conditions listed are those which vary in each dataset plotted.

A complete list of configurations and varying parameters is given in

Table II, "Pressure Dataset Collation Sheets”.

(2) Dataset plotting order for fuselage and lower wing sections is FTCO0L,
HTCOOl, FTCO002, HTCO02, etc., in numerical sequence up to 1l datasets

for each section. Dataset plotting order for upper wing and base
,individually, is numerical sequence of dataset identifier as

sections, ind
listed in Table II.

(3) The varying legend QHBmSmHosv Y/B, for the fuselage, lower wing, and
- upper wing sections 1s plotted two values per page on side-by-side plot
grids. The first value listed in the legend table under the dimension S

name corresponds to the data plotted on the left plot grid.
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Figure 5: Model Separation Variables
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Figure 6.

Rear View of Models and Test
Apparatus
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DATA FIGURES

Tabulations of the plotted data and corrésponding
source data are available from SADSAC Operations.
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